The usual (and newer) suspects: causes or markers of the obesity epidemic?
in the food chain; decreased variability in ambient temperature due to heating and air conditioning; decreased smoking; increased use of pharmacotherapies (notably steroids and antipsychotics that alter energy balance); demographic changes towards ethnicities with higher prevalence of obesity; and towards older age brackets more likely to accumulate extra adiposity; a parallel increase in gravida age; greater reproductive fitness at moderate degrees of overweight {Kelly-Weeder, 2006 #1006}); and assortative mating selection for obesigenic genes. Interventions for treating obesity in children. Cochrane Database Syst. Rev. CD001872) . Obese children who fail lifestyle interventions are often deemed "non-compliant", but it is increasingly clear that individual effort is a poor match for "genetics" coupled with a "toxic environment".
We will attempt here to link the complex network of genetic, behavioral, and environmental barriers that thwart our best attempts to restore or even maintain a healthy body weight. We propose that three human physiologic mechanisms underpinning energy homeostasis contribute to our current mismatch between health knowledge and behavior, favoring weight gain.
How much of our ingestive behavior do we really control?

Genetics
The identification of several exceedingly rare Mendelian monogenic syndromes affecting powerful hunger and satiety pathways{Farooqi, 2006 #945} has deepened our understanding of genetics in the elaboration of common obesity. Mutations in genes for leptin, leptin receptor, proopiomelanocortin, prohormone convertase 1, melanocortin 4 and 3 receptors, and SIM1 all disrupt the physiological crosstalk between peripheral signals and the hypothalamic receptors for satiety and hunger. Mutations of the melanocortin-4 receptor gene represent the most common monogenic mutation, accounting for approximately 5% children with morbid obesity.{Vaisse, 2000 #367} The other monogenic conditions together have been identified in fewer than two dozen individuals worldwide.{Farooqi, 2004 #988} Defects in these genes and their regulatory pathways lead to a phenotype of abnormal eating behavior and/or energy expenditure that results in positive energy balance from birth. Although these mutations are sporadic, they have changed the common perception that weight gain is purely volitional.
Epigenetics
Heritability for obesity has been suggested at approximately 50% by twin and other genetic studies;{Maes, 1997 #952} yet the sheer magnitude and the rapidity of the obesity epidemic outpaces the timeline required for genetic change. The more recent application of covariance structure analysis of body mass index (BMI) using monozygotic, dizygotic, and virtual twin pairs (same-age unrelated siblings) has found a significant non-genetic influence on BMI.{Segal, 2002 #953} This suggests that obesity is rarely genetic destiny, but more often a tendency towards increased energy efficiency that can be sealed as 'epigenetic fate' when the genome is coupled with a "toxic" environment.{Gallou-Kabani, 2005 #1008; Lustig, 2006 #955} These nature-nurture epigenetic interactions that lock physiologic pathways into predictable phenotypes are thought to occur after conception but before birth. The "fetal origins hypothesis" {Barker, 2004, 1248} states that some aspect of the in utero environment contributes to the development of obesity and diabetes in later life. This is seen in babies born small or large for gestational age (SGA, LGA) or premature, who later develop obesity, insulin resistance, and 
The ventral tegmental area, nucleus accumbens, and reward
Positron emission tomography suggest that these hunger and satiety neuronal circuits in the VMH connect several regions of the brain.{Tataranni, 1999 #994} VMH neurons are tightly linked to the rest of the limbic system, where primal emotions, reproductive activity, and survival instinct are housed; such that complex orexigenic and anorexigenic peptides trigger a "mindless" ingestive response. In order to maintain eating as one of the most powerful urges of animal and human behavior, evolution has also made it a rich source of hedonic pleasure and reward. It has been argued that much of the impasse in the efforts to both treat and prevent obesity stem from the intrinsic difficulty of overriding instinct with reason.{Peters, 2002 #987}
The limbic structures of the hedonic pathway that motivate the "reward" of food intake are the ventral tegmental area (VTA) and nucleus accumbens (NA). The NA is also referred to as the "pleasure center" of the brain; this is the brain area responsive to morphine, nicotine, and 
Insulin is an endogenous leptin antagonist
In addition, the hormones insulin and leptin convey information to the CNS regarding long-term peripheral energy homeostasis. Both hormones are secreted during periods of energy sufficiency, their receptors co-localize to the same VMH and VTA neurons, and both have similarly anorexigenic effects when administered acutely into the cerebrospinal fluid.{Lustig, 2006 #703}. However, obesity is a state of chronic hyperinsulinemia and hyperleptinemia in the face of leptin resistance (and often insulin resistance), and the negative feedback on food intake that should result from VMH exposure to insulin and leptin is ineffective. In obesity, this system paradoxically becomes a positive feedback loop or "vicious cycle."{Niswender, 2003 #1025} Appetite remains uncurbed and weight accrues despite excess energy stores.
Although insulin and leptin bind to separate receptors in the VMH, they share the same signaling cascade, called insulin receptor substrate 2 (IRS2)/phosphatidyl inositol-3-kinase (PI3K) {Niswender, 2003, 878} (Fig. 2) . It is thought that when insulin levels at the VMH are high, leptin cannot turn on its signaling cascade. Thus, hyperinsulinemia blocks leptin signaling, and is one cause of leptin resistance. Furthermore, leptin transport across the blood brain barrier is impaired by hypertriglyceridemia, which occurs in both starvation and with the insulin resistance of obesity.{Banks, 2006 #1060} In that leptin communicates the level of adipose stores to the brain, leptin resistance in the VMH invokes the "starvation pathway" and promotes increased caloric intake. Leptin resistance in the VTA simultaneously invokes the "hedonic pathway" and promotes increased reward of food.
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The constitutional symptoms of obese and starved individuals are very similar; both are associated with fatigue, malaise, lack of activity, inability to motivate, and depression. Both obesity and starvation are states of free fatty acid mobilization and insulin resistance.{Boden, 1998 #1061} In both states, the VMH transduces a deficient leptin signal; in starvation because there is inadequacy of leptin, and in obesity because there is resistance to leptin.{Lustig, 2006 #955} Furthermore, serum leptin concentrations drop precipitously during periods of short-term fasting (within 12 hours), declining faster than body fat stores {Keim, 1998, 876}, which helps explain the recidivism of obesity; the hypothalamus reads a declining leptin signal as starvation and promotes increased energy intake and decreased energy expenditure.
Teleologically, what could be the biological advantage of insulin-leptin hormonal antagonism?
Leptin is a necessary signal to the VMH for the initiation of high-energy processes, such as puberty and pregnancy {Flier, 1998, 774}. If leptin signaling were not modulable, the weight accrual required for reproductive competency during puberty and pregnancy would be compromised. The reversible antagonism of peripheral leptin action by insulin is in the best interest of our survival; since insulin causes energy deposition into fat, it makes sense that it should also be the central blocker of leptin. Indeed, both puberty and pregnancy are insulin Cohort studies of adults demonstrate that increased fiber intake is inversely associated with weight gain, fasting insulin levels, and risk of T2DM.{Liese, 2005 #1065} An inverse association between fiber intake and the metabolic syndrome has also been described in Interventions for treating obesity in children. Cochrane Database Syst. Rev. CD001872). This is certainly compounded by our tendency to seek simple reductionist etiologic mechanisms for a chronic, multifactorial, and arguably hard-wired condition.{Robinson, 2005 #950} Given the redundancy of these CNS pathways, the relative ease with which satiety signals are overridden, and the fact that leptin falls prior to insulin during caloric restriction,{Keim, 1998 #1084} it should not be surprising that dieting alone results in almost universal recidivism.
Each of these three CNS limbic paradigms needs to be addressed for lifestyle modification to be effective, which difficult and expensive to achieve. Although nutrition and exercise education is necessary to help individuals negotiate our current "toxic environment" {Peters, 2002 #987}, it is clearly insufficient to reverse the obesity epidemic, in the absence of intensive family-based psychological counseling and effective stress reduction.{Epstein, 1998 #488} Taking back our health -a chronic care model
The "toxic environment", coupled with activation of the "limbic triangle", conspire to make the maintenance of a normal body weight practically unattainable. In the absence of a continuous and conscious effort to maintain a healthful lifestyle, weight gain seems to be the default mechanism for the majority. Furthermore, due to the starvation response, the reduced weight state is an energy efficient one, with a 20% reduction in expended calories (Leibel,R.L., Rosenbaum,M., Hirsch,J.1995 Changes in energy expenditure resulting from altered body weight. N Engl J Med 332:621-628). Thus, once overweight or obese, the effort required to lose weight and keep it off is considerable, as evidenced by the collective experience of individuals who belong to the National Weight Control Registry. In order to maintain an average weight loss of 30 kg for 5.5 yr, they report continuous effort to restrict food intake, eat a low fat diet, regular breakfast, and engage in high levels of physical activity, averaging 11,000 steps per day.{Wing, 2005 #1030} The majority (62.3%) also watch significantly less television (<10 h/wk) than the reported national average of 28 hr/wk.{Raynor, 2006 #1029} Clearly, this minority of subjects has made the conscious decision that their health is worth the exceptional and sustained effort. Because prevention of obesity in children is more easily achievable than treatment, the challenge for both physicians and society is to identify more up-front compelling arguments that both their and their childrens' health is worth the effort. It would help considerably if we were able to institutionalize environmental changes that support healthy behaviors.{Schwartz, 2007 #954}
The competition that drives a 24/7 din of junk food advertising, and pours high fructose corn syrup, salt, saturated and trans-fats into our most vulnerable developing brains while seducing them to stay seated for the next show, is better funded and ruthlessly profit-oriented. However, health promotion advocates ultimately have the better product to market. A well nourished, efficient metabolism simply generates a higher quality of life than the churning low level of inflammation associated with obesity and insulin and leptin resistance.{Lustig, 2006 #703} If you examine our society's response to other stimulators of the "limbic triangle", i.e. tobacco, street drugs, and ethanol, each challenge has been met with governmental policies of education, regulation, and interdiction. But for obesity, only education is currently on the table. The health care industry, health care providers, and the U.S. Government must each acknowledge its unique and critical role in addressing childhood obesity, and act to support implementation of health policies based upon the best available evidence,{Homer, 2007 #948} including increased physical activity, decreased television time, and decreased consumption of sugar-sweetened beverages, including juice. Banning junk food advertising, instituting a penny tax on each teaspoon of fructose, and reinsitutionalizing physical activity as part of every child's afternoon either in school or as an afterschool intramural program, are all ideas that have been floated but currently have enormous political opposition. The school is a natural forum in which to introduce and continually reinforce lifelong nutrition and activity skills as well as provide the built environment in which to practice healthy eating and active living. Children at higher risk need to be identified early, and parental education started immediately. This effort will need additional resources to support a comprehensive multidisciplinary intervention that includes behavioral modification therapy with family participation, and both evaluation and counseling from nutrition, exercise, and medical specialists.
Further research into the application of a chronic care model may begin to close the gap between knowledge and behavior for obese children. Like other addictions, obesity is a chronic condition with periods of abstinence (dieting) and periods of relapse (compulsive eating). Like other
